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® Self supporting electrodes for solid oxide fuel cells. 



® Porous, self-supporting, elongated electrode [3'] 
having at least two chambers [42] through its axial 
length, the chambers being separated by an elec- 
tronically conductive member [41]. This electrode 
can be an air electrode of a fuel cell, having a 
superimposed solid electrolyte [4'] and fuel electrode 
[71. 
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SELF SUPPORTING ELECTRODES FOR SOUD OXIDE FUEL CELLS 



This invention relates to self supporting elec- 
trodes for solid oxide fuel cells. High temperature, 
solid oxide electrolyte fuel cell configurations, and 
fuel cell generators, are well known in the art, and 
are disclosed in U.S. Patent Specification Nos. 
4,395.468 and 4,490,444 (Isenberg). These fuel cell 
configurations comprise a plurality of individual, 
series and parallel electronically connected, axially 
elongated, generally tubular, annular cells. Each 
cell is electronically connected in series to an adja- 
cent cell in a column, through narrow cell intercon- 
nections extending the full axial length of each cell. 
This interconnection contacts the air electrode of 
one cell and the fuel electrode of an adjacent cell, 
through a metallic coating and a fiber metal felt. 

Each fuel cell is formed on a long, electron- 
ically insulating, porous support tube, generally 
made of caicia stabilized zirconia, which provides 
structural integrity for the fuel cell. Surrounding, 
and deposited on this support tube, is a thin, po- 
rous air electrode, generally from 500 microns to 
2000 microns thick, deposited by well known tech- 
niques. The air electrode can be comprised of 
doped or undoped oxides or mixtures of oxides in 
the pervoskite family, such as LaMnOa. CaMnOa. 
LaNi0 3 , LaCoOa, LaCr03, and the like. Generally 
surrounding trie outer periphery of the air electrode 
is a gas tight, solid electrolyte, usually of yttria 
stabilized zirconia. Substantially surrounding the 
solid electrolyte is an outer, porous, fuel electrode, 
usually of nickel-zirconia cermet. A single, open 
end, oxidant injector tube is used in each fuel cell, 
to flow gaseous oxidant into the cell. The oxidant 
contacts the support and diffuses through it to the 
air electrode. 

Many improvements have been made to the 
support tube for the fuel cell. U.S. Patent Specifica- 
tion No. 4.596,750 (Ruka et aL). discloses a fiuorite 
type support tube material which would be better 
able to resist cracking due to migration of lan- 
thanum or manganese materials contained in the 
contacting air electrode, at fuel cell operating tem- 
peratures of about 1000°C, U.S. Patent Specifica- 
tion No. 4.598.028 (Rossing et al.). discloses lighter 
weight, thinner, higher strength support tubes, 
which utilized a ceramic powder and ceramic fiber 
combination, allowing reduction of the oxygen path 
length to the air electrode through the support. 
Improvements have also been made to the air 
electrode. For example, U.S. Patent Specification 
No. 4.562.124 (Ruka), discloses the introduction of 
small amounts of cerium into the air electrode 
material, to provide a better match of coefficient of 
thermal expansion with the support tube. 

A problem with the air electrode, however, is 



that electronic current flow through the air elec- 
trode to the interconnection, which connected the 
next cell electronically in series, was confined to 
the circumferential path of the air electrode around 

5 the non-electronically conductive cell support tube, 
and the enclosed central oxidant chamber. This 
current path resulted in a circumferential voltage 
gradient, and did not provide for complete uniform- 
ity in cell current density. In addition, it has always 

to been difficult to match the thermal expansion co- 
efficients of the support and contacting air elec- 
trode, and to prevent some migration of air elec- 
trode material into the support at the 1000°C op- 
erating temperature of the cell in a fuel cell gener- 

75 ator. What is needed is a new design for the fuel 
cell, eliminating the problems of circumferential 
current flow, thermal mismatch, and material migra- 
tion, while still providing a strong support for the air 
electrode, electrolyte and fuel electrode. 

20 Accordingly, the present invention resides in a 

porous, self-supporting, axially elongated, electron- 
ically conductive electrode characterized in that 
said electrode has through its axial length at least 
two chambers separated by electronically conduc- 

25 tive electrode materia! defining a structural mem- 
ber. 

The invention also includes an electrode struc- 
ture characterized in that the self-supporting elec- 
trode of the last preceding paragraph has a con- 

30 tacting layer of solid electrolyte on its outer sur- 
face, and a layer of porous outer electrode on top 
of the electrolyte, and in that the outer electrode 
and the electrolyte have a discontinuity containing 
a narrow electronically conductive interconnect 

35 which extends an axial length along the self-sup- 
porting electrode, where electrons at points in the 
self-supporting electrode farthest from the intercon- 
nect can travel to the interconnect through the 
structural member. 

40 Further according to the invention are a plural- 

ity of electrode structures of the last preceding 
paragraph, characterized Jn that the inner self-sup- 
porting electrode is an air electrode, the outer 
electrode is a fuel electrode, the interconnect on 

45 one electrode structure is electronically connected 
to a fuel electrode of an adjacent electrode struc- 
ture, fuel is fed to contact the fuel electrodes, and 
oxidant is fed to contact the air electrodes. 

In its simplest embodiment there is provided 

so at least one electronically conductive interior parti- 
tion, preferably the same composition as the rest of 
the electrode, with elimination of the separate sup- 
port tube. Electrolyte and fuel electrode layers can 
be deposited over the air electrode to form annular 
cells which can be electronically connected in se- 
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ries and also in parallel to simitar adjacent ceils. 
The term "annular", is used to describe a variety of 
cross-sections, for example, circular or square 
cross-sections. 

This elongated electrode configuration provides 
a plurality of interior chambers, and permits the 
conductive partition member to help electronically 
connect the interconnection to the farthest pcints 
on the electrode, helping to eliminate circumferen- 
tial current flow and to reduce circumferential volt- 
age gradients. The elimination of the separate sup- 
port tube reduces overall cell costs, eliminates one 
deposition step in manufacturing, and eliminates 
thermal mismatch and material migration problems. 
An oxidant injector tube can be used in each of the 
inner oxidant chambers, or the chambers can be 
interconnected at one end to perform both supply 
and exhaust functions. 

In order that the invention can be more clearly 
understood, convenient embodiments thereof will 
now be described, by way of example, with refer- 
ence to the accompanying drawings in which: 

Figure 1 is a schematic view in section, 
showing the separately supported, prior art fuel cell 
design; 

Figure 2 is a schematic section view of a 
prior art series-parallel interconnection configura- 
tion; 

Figure 3 is a section through two adjacent 
cells of this invention, showing one self supporting 
electrode design, and interconnection between 
cells; 

Figure 4 is a section through the bottom of 
the electrode of this invention utilizing a thick inte- 
rior structural partition member; 

Figure 5 is a section through an oval type of 
electrode design; and 

Figure 6 is a section through a flat type of 
electrode design. 

Referring now to Figure 1, the supported, prior 
art fuel cell 10, having a thick support tube 2, 
which provides structural integrity to the cell, is 
shown. The support tube was typically comprised 
of calcia stabilized zirconia. forming a wall porous 
to gas permeation, approximately 1 mm to 2 mm 
thick. Surrounding the outer periphery of the sup- 
port tube 2 was a porous air electrode or cathode 
3. The cathode 3 was typically a composite oxide 
structure which was deposited onto the support 
tube through well-known techniques such as plas- 
ma spraying, or spraying or dipping in a slurry 
followed by sintering. The thin electrolyte layer 4 is 
shown enlarged for clarity. 

The prior art support tube is eliminated in the 
fuel cell design of this invention, one embodiment 
of which is shown in Figure 3, which utilizes a 
thicker air electrode or cathode 3', having one 
central partition rib dividing two interior chambers. 



This air electrode may be a chemically modified 
oxide or mixture of oxides including LaMn03, 
CaMn0 3 . LaNi0 3 . LaCo0 3 and LaCr0 3 . A preferred 
material is LaMnOi doped with Sr. Over the elec- 

s trode is a gas-tight solid electrolyte 4', typically 
yttria stabilized zirconia, from 1 micron to 100 
microns thick. A selected, narrow, longitudinal seg- 
ment 5, shown in Figure 1. along the electrode 
axial length, is masked during deposition of the 

10 electrolyte, to provide a discontinuity, into which, 
an interconnect material 6* is deposited. The nar- 
row interconnect material 6' must be electrically 
conductive and chemically stable both in an oxy- 
gen and in a fuel environment. 

75 The interconnect, which covers only a small 

middle portion of the air electrode cross section 
surface, is from 5 microns to 100 microns thick and 
is typically made of lanthanum chromite doped with 
calcium, strontium, or magnesium. Surrounding the 

20 remainder of the cell except for the narrow inter- 
connect area is a fuel electrode T which functions 
as the anode. A typical anode is about 30 microns 
to 300 microns thick. A material 8', which is of the 
same composition as the anode, is also deposited 

25 over the interconnect 6'. This material is typically 
nickel zirconia or cobalt zirconia cermet and is 
from 50 microns to 100 microns thick. 

In operation, as in the prior art, a gaseous fuel, 
such as hydrogen or carbon monoxide, is directed 

30 over the outside of the cell, and a source of oxygen 
passes through the inside of the cell. The oxygen 
source forms oxygen ions at the electrode-elec- 
trolyte interface, which ions migrate through the 
electrolyte material to the anode, while electrons 

35 are collected at the cathode, thus generating a flow 
of electrical current in an external load circuit. A 
number of cells can be connected in series by 
contact between the interconnect of one cell and 
the anode of another cell. A more complete de- 

40 scription of the operation of this type of fuel cell 
interconnection system and fuel cell generator can 
be found in U.S. Patent Specification Nos. 
4,490,444 and 4.395,468. 

Figure 2 shows the prior art series electrical 

45 connection scheme as well as parallel connection 
between adjacent fuel ceils that can be used in this 
invention. The cells 10' are here positioned in a 
series-parallel electrical connection. For descriptive 
purposes, the arrangement includes rows 22 and 

so columns 24. The ceHs of any given row 22*. 22*. 
22* are electrically interconnected in parallel 
through the outer electrodes and metal felts 40'. 
Use of the felt ensures a large contact surface and 
avoids potential structural damage to the outer 

55 electrodes. Consecutive cells 10 along a column 24 
are electrically interconnected in series, as shown 
in Figure 3, from the inner electrode of one cell to 
the outer electrode of the next cell through metal 
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felts 40. Thus, each cell in a row operates at 
substantially the same voltage, and cumulative volt- 
age progressively increases along the cells of a 
column, typically varying by approximately one volt 
from cell-to-cell along a column. In this manner, s 
any number of elongated cells can be intercon- 
nected to achieve a desired voltage and current 
output. Other configura tions, in addition to the 
shown rectangular array, are equally possible. 

The electrical power generated by the series- ro 
parallel interconnection is readily collected by two 
plates 26, one in electrical contact with each cell of 
a row 22' at one extremity of the stack, and another 
in electrical contact with each cell of the row at the 
other extremity. 75 

Referring again to Figure 3. one self-support- 
ing, axially elongated, annular design of the elec- 
tronically conducting air electrode 3' of this inven- 
tion is shown, with electronically conducting parti- 
tion member 41. and without the thick, tubular 20 
support 2, shown in Figure 1. This member 41 is 
central to the electrode and divides the oxidant 
chamber into two sections 42. The interior, diamet- 
rical structural member 41 allows electronic con- 
nection of the interconnection 6' to the furthest 25 
point 44 on the air electrode, and current flow from 
bottom to top along line l-l of Figure 3. The rib 
partition can also contain two or more crossing 
members. 

For the single diametrical partition design 30 
shown, two oxidant injector tubes 43 can be used 
to supply oxidant to the inner surface of the air 
electrode. If four crossing members are used from 
a point central to the fuel cell, then four oxidant 
injector tubes can be used, one in each divided as 
oxidant chamber. The use of at least one electron- . 
ically conducting structural member connecting at 
least two places on the inner circumferential wall 
46 of the annular air electrode, provides a self- 
supporting structure, and a low resistance current 40 
path from point 44 to the interconnection 6', reduc- 
ing the circumferential voltage gradient for a given 
cell diameter. 

The self supporting air electrode of the inven- 
tion can be extruded, or it can be molded in a 45 
suitable die. After it Is formed, it can be sintered at 
from 1300°C to 1600°C, to provide a strong, uni- 
tary body upon which superimposed electrolyte 
and then fuel electrode can be deposited by well 
known techniques. Preferably, both the central so 
structural member(s) connecting the inner walls of 
the air electrode and the surrounding air electrode 
wall portion will be of the same material. It is 
possible, however, to co-extrude or insert a more 
highly conductive structural partition into the air ss 
electrode design, for example by elimination of 
pore-former in that region, or by subsequent im- 
pregnation with additional material. 



The use of a structural partition 41 , dividing the 
oxidant chamber into a plurality of sections 42. 
allows a relatively thin air outer electrode wall 45 of 
from 100 microns to 2000 microns (2 mm). The 
electronically conductive member 41 will generally 
be from 500 microns to 5000 microns thick. These 
thicknesses are not to be considered limiting in any 
way and will depend largely on the diameter of the 
fuel ceil tube. 

Preferably, the structural member 41 will be as 
thick as possible without seriously hindering ox- 
idant feed, so that good electronic flow is achieved. 
If a thick interior member 41 is used, as shown in 
Figure 4, preferably, a thinner cut-in section 47 
opposite or away from the Interconnection will help 
oxidant diffusion, hinder electron flow, shown as e~ 
arrows within the electrode, for only a short length 
and not significantly harm strength. 

Additional embodiments of the self supporting 
electrode of this invention are shown in Figures 5 
and 6. In Figure 5, an oval type design is shown, 
and in Figure 6 a flat type design is shown. The 
electrode of Rgure 5 is a somewhat flattened ver- 
sion of the electrode of Figures 3 and 4. Where the 
member 41 is still seen as connecting opposite 
interior walls of the electrode. In the more flattened 
out version of Rgure 6, circular chambers are 
shown, and the member 41 becomes less identifi- 
able as a connecting member to interior walls, but 
it is still thick and has the ability to channel elec- 
trons from the far sides to the narrow interconnec- 
tion 6' which, is deposited on the center 10% to 
30% of the top air electrode structure. 



Claims 

1. A porous, self-supporting, axially elongated, 
electronically conductive electrode characterized in 
that said electrode has. through its axial length at 
least two chambers separated by electronically 
conductive electrode material defining a structural 
member. 

2. An electrode according to claim 1, character- 
ized in that the structural member is a single mem- 
ber forming two chambers. 

3. An electrode according to claim 1, character- 
ized in that the structural member forms four 
chambers. 

4. An electrode according to claim 1, 2 or 3, 
characterized in that the electrode is composed of 
at least one of LaMn0 3t CaMn0 3l LaNi0 3 , LaCo0 3 . 
and LaCr0 3 . 

5. An electrode structure characterized in that 
the self-supporting electrode of any of claims 1 to 
4 has a contacting layer of solid electrolyte on its 
outer surface, and a layer of porous outer electrode 
on top of the electrolyte, and in that the outer 
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electrode and the electrolyte have a discontinuity 
containing a narrow electronically conductive inter- 
connect which extends an axial length along the 
self-supporting electrode, where electrons at points 
in the self-supporting electrode farthest from the 5 
interconnect can travel to the interconnect through 
the structural member. 

6. A plurality of the electrode structures' of 
claim 5, characterized in that the inner self-support- 
ing electrode is an air electrode, the outer elec- w 
trode is a fuel electrode, the interconnect on one 
electrode structure is electronically connected to a 

fuel electrode of an adjacent electrode structure, 
fuel is fed to contact the fuel electrodes, and ox- 
idant is fed to contact the air electrodes. is 

7. A plurality of electrode structures according 
to claim 6, characterized in that the oxidant is fed 
to contact the air electrodes through an oxidant 
injector tube disposed within the plurality of cham- 
bers within the air electrode. 20 

8. A plurality of electrode structures according 
to claim 6 or 7, characterized in that the electrolyte 
is yttria-stabillzed zirconia and the fuel electrode is 
nickel zirconia cermet or cobalt zirconia cermet. 
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